The velocity space diffusion coefficient of electrons in a thermal radiation field is derived "classically" and compared with the corresponding FOKKER-PLANCK coefficient arising from COULOMB collisions in a plasma. The HAMILTON-JACOBI theory is used which is especially suited to this problem.
In recent time interest in relativistic plasmas has grown. In astrophysics as well as in thermonuclear fusion research one meets situations where relativistic effects must be taken into account. These are on the one side kinematical effects as retardation and magnetic interaction, on the other the influence of free radiation, especially the scattering of electromagnetic waves (COMPTON scattering) from a thermal radiation field.
Usually relativistic kinetic equations, the simplest one being the equation of BELIAEV and BUDKER 1 , do not take into account this interaction of the particles with a thermal radiation field, which is of the order e 4 as the particle-particle interaction, but is not a collective effect. We shall investigate this approximation by comparing the FOKKER-PLANCK coefficient (Av 2 ) of electrons in a thermal radiation field with the one of electrons in a COULOMB plasma of the same temperature. We restrict our considerations to the non-relativistic case since we are only interested in the order of magnitude which relativistic effects will not change, when the electron kinetic energy is comparable with its rest mass. Extreme relativistic plasmas with much higher energies seem to exist in nature only in cases of strong FERMI degeneracy which will not be considered here. DREICER 2 has set up a BOLTZMANN equation for electrons in a radiation field by using the electronphoton scattering cross section. The FOKKER-PLANCK coefficients which result from this equation in the case of non-relativistic radiation temperature (hT m c 2 ) can also be calculated "classically"
by assuming the electrons under the influence of a statistical electromagnetic field, the modes of which are uncorrelated and their intensity given by PLANCK'S law. This method has the advantage that one can easily take into account the dispersion relation of electromagnetic waves in a plasma.
The Diffusion Coefficient of Electrons in a Thermal Radiation Field
We calculate the diffusion coefficient for an electron at rest:
v (*) = velocity of the electron with t;(0)=0. The bar indicates averaging over the statistics of the radiation field. We use the HAMILTON-JACOBI theory, which is especially suited to this problem. We start with the HAMILTON-JACOBI equation for a non-relativistic electron:
The solution S(X,t) is developed in powers of e S = S0 + S1 + S2 + ....
In choosing the initial condition we must however allow for a certain indetermination of the velocity because of the field fluctuations. Since we will apply the statistics of stationary black body radiation, the initial value must be such that particle and field are initially in phase, that no time point is singled out. This is the velocity the particle has if the field is switched on adiabatically
^th (4) k T and we are interested in times when the particle readies thermal velocity. We obtain from (2) dS, 1 
If we put
( 2 represents sum over forward and backward run-V ning waves), assuming periodicity in a normalizing volume V, we find
We average (8) over space and over the phases of E, using randomness of phases. In the case of a thermal radiation field with temperature T the field correlations are given by:
It is clear that after taking averages only the cosine part of the time exponential function survives. The asymptotic value is easily found. Since The expression (11) is identical with the result of DREICER up to a factor (2n)~1, which results because DREICER used an incorrect formula for the number of modes in a volume V. The integral in (11) is practically equal to one:
Comparison with Fokker-Planck Coefficient on Account of Coulomb Collisions
We now compare (11) with the diffusion coefficient, likewise for an electron at rest, caused by pure COULOMB collisions (see e. g. 
In the log p -log T diagram the curve R = 1 corresponds to the straight line logT= _|_logp + 7.2.
It is seen that there is a region around the point P« 10 16 atm, 7W0 9°K (TI^IO 29 cm" 3 ) where relativistic kinematics become important, but the influence of a thermal radiation field can be neglected. 
